To study the cytotoxic effect of Helicobacter pylori on the gastric mucosa, gastric glands harvested from guinea pigs were incubated with clinical isolates of H. pylori. H. pylon alone (H group), urea alone (U group), H. pylori plus urea (HU group), and H. pylori plus urea and the urease inhibitor acetohydroxamic acid (HUA group) were incubated with isolated gastric glands. The controls were incubated without additives. Incubation was for 30, 60 and 180 min at 37°C in a microaerophilic atmosphere. The HU group showed an increase in the ammonia concentration and pH of the culture supernatant; release of lactate dehydrogenase (LDH) and glutamic oxaloacetic transaminase (GOT) into the supernatant owing to cell disruption was also increased. In the HUA group, since urease activity was inhibited, the ammonia concentration and pH were also significantly lower (p <0.001), and LDH and GOT release into the supernatant was significantly reduced (p <0.001-0.01).
urea (final urea conditions: 0.25% mg/ml) and the mixture was incubated under the same conditions (HUA group). All five groups of cultures including controls were studied for each strain of H. pylori (Fig. 1) . Cytotoxic activity against isolated gastric glands As an indicator of the viability of isolated gastric glands, lactate dehydrogenase (LDH) and glutamic oxaloacetic transaminase (GOT) release into the culture supernatant as well as the ammonia concentration and pH of the supernatant were measured. The suspensions of isolated gastric glands were centrifuged at 46.4 X g for 5 min, after which the LDH level was measureed by the method of Wroblewski1) and the GOT level by the method of Karmen19). The cytotixic activity against isolated gastric glands was assessed by comparing the LDH and GOT concentrations in the experimental and control groups at each designated time, and the results were expressed as percentages of the concentration in the control group. The ammonia concentration was quantified by a modification of the method of Okuda and Fujii20), and the pH was measured with a pH meter (HORIBA, Ltd., Kyoto).
Observation of isolated gastric glands
Morphological changes in the isolated gastric glands were observed by light microscopy (Optiphot; Nikon Corp., Tokyo), transmission electron microscopy (HEM-1000X: JEOL Ltd., Tokyo), and scanning electron microscopy (S-800, Hitachi Ltd., Tokyo). Warthin-Starry silver staining') was used for light microscopy. In preparation for transmission electron microscopy, isolated gastric glands were fixed in 2.5% glutaraldehyde, dehydrated with ethanol, and embedded in Epon 812 . Ultrathin sections were cut and double stained with uranyl acetate and lead citrate. inhibited by AHA (p<0.001).
The pH differed little among the control, U, and H groups. In the HU group, the pH increased as the ammonia concentration increased (p<0.001). In the HUA group, the pH was significantly lower after 30 and 60 min of incubation than in the HU group (p<0.05-0.001), and it was slightly higher than in the H and U groups (Table 1) .
Histological findings
We examined the cultures after incubation for 60 min. In the HU group, Warthin-Starry silver staining showed that H. pylori organisms were adherent to the cells and had caused disruption of the isolated gastric glands (Fig. 4) . In the HU group, scanning electron micrographs showed H . pylori adherent to the cells (Fig. 5) , and intracellular vacuolation was observed by transmission electron microscopy (Fig. 6) . Many in vitro studies of the mechanisms of H. pylori toxicity for cultured cells have also been reportedl,lo,11,13,14> Leunk et al. 13) found that broth culture filtrates of H. pylori induced a cytopathic effect in mammalian cells and Intestine 407 cells, and the intracellular vacuolation that they noted was also found in the present study. In addition, Figura et al.10) reported that broth culture filtrates of H. pylori isolated from patients induced intracytoplasmic vacuolation in CHO cells , Vero cells, and Hela cells. Jia-Ke et al.") detected intracellular vacuolation when H. pylori culture superanatant and urea were added to suspensions of Vero cells and Intestine 407 cells. The addition of the urease inhibitor AHA caused a decrease in the number of cells showing vacuolization , suggesting that ammonia produced by H. pylori caused the vacuolization. To investigate the cytotoxicity of H . pylori, culture supernatants have often been used, but we cultured the organism directly with gastric glands isolated from guinea pigs and observed adherence of H. pylori to the cell surface.
In the present study, LDH and GOT concentrations were increased even when the ammonia concentration showed only a slight rise (50-300 ,ug/dl). This may imply that different toxins were produced by H. pylori. It has recently been reported that the cagA26) and vacA27) genes of H. pylori produce a vacuolating cytotoxin. But ammonia produced by H. pylori is one of the important factors which are cytotoxic to the gastric mucosa. Our results suggest that H. pylori can induce cytotoxicity for these cells, but further studies are required to confirm out findings .
